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Sockeye salmon O I ~ C O I - J ~ I ~ ~ ~ C . J I I ~ . S  t~erka spmining escapements illto four' ri\.er sJFstems of IJppsr 
Cook Inlet. Alaska. were estinmted using side-scanning sonar equipment. Estinlateu sockeye 
salmon escapements \yere 1.064.8 1 S into the Kenai Ril-er. 266.025 into the Kasilof River. 70.768 
into the Crescent River, and 157.822 into the Yentna River. Indices of escapements of other 
salmon species into the Yentna Riwr were also obtained by sonar: 28.960 pink 0. gorbzrscJ7u. 
12.671 chum 0. kera, and 13.670 coho 0. h-ilstrrch salmon. S0ckeJ.e saln~on in the Kenai Ri\-er 
were primarily distributed within two age classes: 1.3 (75.2%) and 2.3 (13.0%). Kasilof River 
sockeye salmon were prin~zril\~ age: 1.2 (21 .I%): 2.2 (1  ?.j9/0): 1.3 (53.8%): and 2.2 (1 0.7%). -Age- 
1.3 sockeye salmon were the most abundant (56.00,0) age class in the Crescent Ri\,er. follo\ved by 
age classes 2.3 (26.6%) and 1.2 (1 0.6%). l'entna River sockele salmon were primarill age: 1.3 
(43.7%), 1.2 (32.4%), and 0.2 (10.5%). Length and sex ratio data were collected for sockeye 
salmon in each river. Sockeye salmon mipation routes in all ri\w-s were near shore. Houri!. peak 
salmon counts were typically recorded during the late morning and afternoon in the Kenai River. 
The Kasilof River north bank hourly peak counts occurred in the afternoon and e\ening v,hile 
hourly peak counts for the south bank occurred in the late morning and earl). afternoon. Peak 
hourly counts in the Crescent River were related to the post meridiem high tides. Peak hourly 
counts for the north bank of the Yentna Ri\.er began at noon and continued through 2400 h. On the 
south bank most peak hourly counts occurred 2400 11 - 0600 h with some peak hourl~. counts 
occurring during the afternoon hours. 

KEY WORDS: Alaska, Cook Inlet, salmon. Kenai River, Kasilof River, Crescent River. 
Yentna River, Susitna River, age/sex/size, sonar, escapement enumeration. 



Prior to 1968. sockeye salmon escapement estimates in LJpper took Inlet (UCT). Alask:: (Tisure I) 
ivere based on surveys of clear water spawning areas and provided no iniormation about the 
distribution or number of sockeye salmon which spawned in glacially occluded ~vaters iKil:g and 
Da1.i~ 1989). Commercial and recreational fishery management efforts were furlher hanlpered by 
lack of daily and cumulative estimates of escapement. These constraints were significantly reduced 
by the development of hydroacoustic techniques to e~~umrrate sockeye salmon in some glacial 
tributaries of UCI. Hydroacoustic enumeration of escapement began on the Kenai and Kasilof 
Rivers in 1968, was expanded to the Susitna River in 1978 and to the Crescent River in 19S0. The 
Susitna River counting site nras abandoned in 19S5. and counring operalions began on the Yentna 
River, a major tributary of the Susitna Ri\.er, in 1986. Results of escapement enumeration studies 
were documented by Waltemyer et al. (1950), Tarbox et al. (1981, 1983), King and Tarbos (1983. 
1986, 1987, 19S8, l9Wa. 1990 and 1991). King (1 990). King et al. (1 989b. 1992). Kin? and Da\% 
(1989, l992), Davis and King (1 993, 1994, 1995, 1996 and 1997), Davis et al. (1  993). and 
Namtvedt et al. (1 979). 

The program objectives of UCI escapement projects in 1997 were to estimate (1) the dail!. and 
cumulative number of sockeye salmon entering the Kenai. Kasilof; Crescent. and I'entna Rivers. 
and (2) the age, length, and sex composition of those escapements. Indices of abundance were also 
obtained for Yentna River pink, chum and coho salmon. 

METHODS 

Bendis Corporation1 side-scanning sonar counters described by King and Tarbox (1 989a), Gaudet 
(1983) and-~endix  Corp. (1980 and 1984) were used to enumerate salmon escapements. Pulse 
width was 100 ms and the frequency was 5 15 Khz. Two- and four-degree transducer elements 
were multiplexed in an alternating mode. The counting threshold was preset at approximately -38 
db by the manufacturer. However, tests with a standard target of 4 l d B  typically saturated the 
counters, indicating the counting threshold to be lower than -38dB. The pulse repetition rate was 
variable. Counters were operated without artificial substrates in the Kenai, Crescent and Yentna 
Rivers. A technical consultant tested the counters for proper operation prior to deployment, and 
reinspected counters when migrating fish densities neared maximum levels in each river system (A. 
Menin, Hydroacoustic Consulting, Sylmar, CA). 

Project operational dates were: 1 July through 25 August on the Kenai River; 14 June tllrough 12 
August on the Kasilof River; 24 June through 5 August on the Crescent River; and 6 July tllrough 

'Use of  a cornpan)% name does not constitute product endorsement. 



12 August on the Yentna Ri\,er. Counting operations ceased \+.hen dail!, counts viere < 1 O/; I  of the 
cumulative count for 3 consecutive days. or when budgetaq considerations mandated cessation of' 
counting activities. Kenai and Kasilof River counting operation cessation criteria uere not 
instituted until cessation of continuous comnercial fishing. 

Raw hourIy output data were edited to account for debris, bottom echoes, or other sources 
of non-fish counts. Hourly sonar counts by day were entered into a data-base program which 
calculated a daily average hourly count for inshore (1 -6) and offshore (7-1 2) sonar sectors by 

Ca = Cb/N, (1) 
where: 

Ca = average count per sector per hour; 
Cb = valid hourly counts for all inshore or offshore sectors; and 
N = number of sector per hour units which contained only valid counts. 

The average count was then substituted into any sectorfiour block where counts were deleted 
through editing. Sonar counts collected from the north bank of the Crescent Ri1,er received the 
same treatment but calcuiations were made manually and computer entry of data occurred post- 
season. The daily average hourly count for the south bank of the Crescent River was calculated for 
each sector by: 

where : 

Cc = average count per sector per hour for the Crescent River south bank; 
Cd = valid Crescent River south bank hourly counts per sector; and 
N = number of hour units per sector which contained only valid counts. 

All counts recorded on the south bank at Crescent River occurred in sectors one (96.9 %) and two 
(3.1 %) of the counting range. Printer skips (treated as false counts) regularly occurred in sectors 
one through six. Hourly averages for each sector were substituted where skips occurred or counts 
were deleted. Because of the spacial distribution of fish migrating adjacent to this bank, the method 
used for the treatment of false counts provided a more accurate estimate of daily escapement 
because it did not place a high hourly average count derived from sector one or two into sectors 
where very few targets were detected. Both banks were treated in this manner at Crescent River. 

Temporal and spacial behavior of sockeye salmon was assessed by examining distribution of fish 
by sector, hourly passage rate, bank preference, and cumulative proportion of sonar counts by day. 

The ensonified area for the counter operated on the north bank of the Crescent River was 4.2 111 to 
5.0 m and for the south bank 21.3 m. The ensonified area for the north bank of the Kenai River was 
1 1 .O m to 24.4 m and 7.10 m (except 18 August when counting distance was reduced to 6.4 m) for 
the south bank. An extended weir was erected on the north bank of the Kenai River enabling 
positioning of the transducer further from the bank. Ensonified areas at the Kasilof Ri\.er ranged 



from 10.4 rn to 16.8 111 on the north balk and 1 1.9 In to 16.8 m on the south bank. In the 1-cntm 
River, ensonified areas for the north bank iwre 9.5 In to 11.6 m. 011 the souh bank fish \icre 
counted between 5.5 nl and 13.0 m. Reported ranges enconlpassed the period \vhen SO% ( I  0%- 
90%) of the run occurred and the nxxximum counting range employed ~ v a s  wed for descripti\vc 
purposes. Transducer distance from shore \.aried among s~~stems and is not reflected in ~hc.  seponcd 
counting range. 

Transducer orientation was acco~nplished by remotely controlled rotators except on the Kasilof 
River and the south bank of the Kenai Rii-er. Correct orientation of the acoustic axis was tested 
periodically by the use of an artificial target. A sealed plastic sphere uras x~eighted and mm r d  
through the ensonified area at various distances from the transducer. Si~nultaneous detection of the 
target by the counter and \ isual recognition on an oscilloscope i.erified correct axis orientation. 
Transducers were moved nearer shore as water depth increased. Fish passage between (behind) the 
transducers and the bank was prevented by the use of ~veirs. 

Counters were generally monitored 0700-2400 h on the Kasilof, Crescent and Yentna Rivers. and 
throughout the 23-h period on the Kenai River. In addition to regularly scheduled monitoring. 
intensified monitoring ivas conducted during episodic fish passage. In ail cases. 1-isual counts from 
an oscilloscope were compared to the counts accumulated by the counter during a minimum 1 O-min 
period or for a minimum oscilloscope count of 100 fish. During periods of low density passage 
(-500 fish per hour). Kenai and Yentna River oscilloscope/counter observations were made at a 
minimum of 1 h per bank each day. When passage rates reached 500 fish per hour, nlinimurn 
observation time increased to 2 h per bank per day. Kasilof and Crescent R i ~ e r  counters xvere 
monitored for a nlininlurll of 2 h per bmik per day. If a re1atil.e error greater than 20% eccurred 
between targets counted on the oscilloscope and targets recorded by the counter. counter 
adjustments were made to reduce the relative error. However, operators typically made 
adjustments to the counters to accommodate for less than 20% relative error. The basic counter 
adjustment consisted of changing the pulse repetition rate. 

Information used to estimate species composition of sonar counts, and age, len,&, and sex 
composition of sockeye saimon escapements jvas obtained from salmon captured in fish wheels. 
Fish wheels were located on the north banks of the Kenai, Kasilof, and Crescent Rivers (1 at each 
site), and on both banks of the Yentna River. Fish wheels were operated 24 h per day at Crescent 
River, up to 24 h per day at Yentna River, and during daylight hours at the Kasilof fivers. The 
Kenai River fish wheel was typically operated during evening hours when the passage rate and 
proximity to shore of migrating sockeye salmon rna~imized capture rate. The fish wheel was 
generally stopped when operators estimated the minimum sample size required to provide age. sex 
and length data had been attained. Fish wheel catches at the Yentna River site were expanded for 
each 24 h period based on the hourly catch rate during the hours of operation by 

Fd = (Fk'H) 24. (3 
where: 

Fd = expanded fish wheel catch for 24 hours; 
Fh = fish wheel catch for hours operated; and 
H = hours fish wheel operated. 



Prior to 13 August all sonar counts in the Kenai River were treated as sockeye sal~non. Kasilof 
River sonar counts were treated as sockeye salmon. In the Yentna River, daily fish \-illeel catcl~es 
were grouped into sample sizes of at least 150 salmon to apportion sonar counts. The fish \?,heel at 
Crescent River was operated for 24 4. so actual (not adjusted to 24 h) fisfi wheel catches were used 
to apportion sonar counts there. Because of their size and number, Dolly Varden char \yere 
included in sonar count apportionment at Crescent River. 

Factors influencing the accuracy of escapement estimates for pink, coho, churn, and chinook 
salmon in the Yentna River were discussed by Tarbox et al. (1981, 1983). Counts apportioned to 
these species in 1997 were considered to be index counts. 

Comparisons of Yentna River south bank fish ~vheel catch to south bank sonar counts indicated 
suspiciously high fish wheel efficiency for this bank. A second Bendix counter was deployed on 
this bank on 15 July for comparative purposes. 

Sample sizes for estimating sockeye salmon age composition were based on methods for estimating 
multinomial proportions developed by Thompson (1 987). Minimum sample sizes were calculated 
so that the estimated proportion of each major age class was within 5% of the true proportion 90% 
of the time. Previous years' age composition proportions were analyzed to determine adequate 
sample sizes for a variety of age class ratios. The largest sample size calculated in this manner was 
chosen as a minimum sample size for 1997. The minimum sample size was increased by 10% to 
account for unreadable scales, and this number was used as the total sample size required. Sockeye 
salmon scale samples were collected daily fiom the Kenai, Kasilof. Crescent, and Yentna Rivers. 

nwlber of salmon sampled for age cornpsition per day wzs based on a percentage of t!le 
previous day's escapement count. These percentages were calculated by dividing the total season 
sample size by the anticipated total escapement. 

Mid-eye to fork-of-tail lens& (mm) and sex were also recorded for all sockeye salmon sampled. 
Sex ratios and mean lengths were calculated by grouping all samples together regardless of type or 
timing of sampling. Age classes which were 2 10% of the total escapement in each river were 
included in the age and length composition tables. 

A second Bendix side-scanning salmon counter was installed on the south bank of the Yentna River 
on 14 July. Hourly, simultaneous monitoring and calibration was conducted on both counters. 
Counts were recorded fiom 15 July through 12 August utilizing the secondary (or downstream) 
counter. 



2IES ULTS 

K ~ w n i  River 

An esti~nated 1,064.8 18 sockejfe salrnon migrated past the Kenai River sonar site (Table I )  from I 
July through 25 '4ugust. The desired in-river goal range for this drainage is 550,000-825,000 
sockeye salmon. The biological escapement goal (number of spawners) is 330.000-600.000 
sockeye salmon. Historical estimates of socke! e salmon spanning escapement (sonar count minus 
sport harvest above the Soldotna Bridge) were made through 1996, but no estimate \v:ts made for 
1997 (Table 2). A total of 56.053 sockeye salmon \yere passed at the Hidden Lake ueir. The Iste- 
run Russian River sockej'e saln~on escapement totnld 77.742 fish (?'able 3). 

Eighty percent of the sockeye salmon escapement passed the sonar counters in 39 d (Table 4; 
mean=20 d; range for 1979-97 = 6-39 d). The midpoint of the escapement was 19 Julj~. Peak 
counts occurred on 18 July when 84.1 10 targets \yere detected (Table 5).  Sockej~e salmon 
migration along the north bank of the ril7er accounted for 56.0% of the total escapement (Table 6).  
There were thee  distinct peaks in the daily nunlbers of fish passing the counters (Figure 2). 

Most (90.5%) of the salmon migration adjacent to the north bank was \vithin 6.7 111 of the 
transducer. Salmon distribution adjacent to the south bank was more shore oriented (Figure 3). 
with 90.8% of the counts \vithin 2.9 nl of the transducer. 

Sdrnen passage by t!~e nor?h b z k  cow!er was nearlj. consistent, ivi111 mid-day obse~;ations only 
slightly exceeding the 4.2% for a constant passage rate over the 23-h period. Fish passage during 
the hours when fish passage exceeded the 4.2% per hour rate (0800-1600 11, 0100 h and 2400 11) 
accounted for 49.6% of the bank total (Figure 45). Fish passage measured 1000-1 800 h and 2300 
h adjacent to the south bank accounted for 46.7% of the bank total. 

Actual fish wheel catch was 8,886 sockeye salmon (Table 7): from which 963 scale samples, seses, 
and len_&s were obtained. The largest component (75.2%) of the sockeye salmon escapenlent was 
age-1.3 fish, followed by -2.3 (13.0%) fish (Table 8). Mean len_& by sex was within historical 
bounds for age-1.3 fish and equaled the largest recorded for male age-2.3 fish. Female age-2.3 fish 
were within historical bounds (Table 9). The male-to-female ratios fell within historical bounds. 
Female spawners of the major age classes constituted 52.9 % of the total escapement. 

Age-1.3 and -2.3 sockeye salmon were bound primarily for Quartz Creek, Tern Lake, the mainstem 
river, and the shorelines and outlets of Kenai and Skilak Lakes. Late-run sockeye salmon bound for 
Russian River (above the falls) were predominantly age-2.2 (44.2%), -2.3 (21.S%)? and -2.1 
(21.2%) fish (Athons 1997), while those bound for Hidden Lake were predominantly age 1.2 
(Fandrei 1997). 



h'nsilqf River 

A total of 266.025 sockeye salmon were counted at the Kasilof River sonar site from 14 June 
through 12 Augusl (Table 10). The desired escapement range for this system is 150.000-250.000 
sockeye salmon. Brood stock for cvtificial propagation at the Crooked Creek Hatchen (8.289 fish) 
were taken from Bear Creek (Fandrei 1997. Table 11). The index area spawning escapement 
estimate for Bear Creek nlas 8 I .989 sockeye salmon (Table 12). 

The midpoint of the sockeye salmon escapement occurred on 4 July, 9 d earlier than the mean for 
the previous 18 years (range 1-22 July; Table 13). Eighty percent of the escapement occurred in 49 
d, 17 d greater than the historical mean (1 979-96). 

Fifiy-nine percent of the salmon counts occurred on the south bank (Table 6). Spacial distribution 
adjacent to the north bank was near shore (Figure 6), where 86.1% of the salmon migrated within 
6.1 m of the transducer. Fish passage on the south bank was less shore oriented (S7.S% of the 
salmon passed within 1 1.8 m of the transducer). 

The akrerage hourly passage rate on the north bank exceeded the aieerage for a consistent passage 
rate (4.2%) between 1400-2300 h. Targets detected during these hours accounted for 53.1% of the 
total. Passage rates higher than the consistent passage rate adjacent to the south bank occurred 
between 0500-1 300 h. Salmon counted during these hours accounted for 46.2 % of the south bank 
total. Higher passage rates occurred on the north bank during the afternoon and evening hours 
(Figure 7). There Lvere several peaks in daily passage of fish past the counting site (Figure 2): with 
a ziiiior increase at the termination of tEle commercial fishery. 

A total of 2,076 sockeye salmon were captured in the Kasilof River fish wheel (Table 14), of which 
758 were sampled for age, length, and sex characteristics. Age- 1.2 (2 1.1 %), -2.2 (1 3.5%), - 1.3 
(54.8%) and -2.3 (10:7%) sockeye salmon were the predominant age classes (Table 15). Mean 
lengths for age -1.2 fish and for female 2.2 fish were the smallest on record. Male age -2.2 fish 
were the second smallest in the data set. Age -1.3 and -2.3 fish mean lengths were within the 
historical range (Table 16). Male-to-female ratios were \vithin historical bounds. Female spawners 
comprised 48.7% of the escapement. 

Crescent River 

A total of 87.847 fish targets were counted at the Crescent River sonar site from 24 June through 5 
August (Table 17). Sockeye salmon escapement was estimated to have been 70,768 fish or 80.6% 
of the totaI targets (Table 18). The desired sockeye salmon escapement goal for this system is 
50,000 to 100,000 fish. 

The midpoint of the sockeye salmon escapement occurred on 1 I July, 6 d earlier than the date of 
the historical mean, and 80% of the escapement passed the site in 27 d (Table 19). The peak in 
daily passage occurred on 10 July (Figure 2). Run timing between banks was similar. Se\re~lQ nine 
percent of the fish migrated along the north bank (Table 6). 



Spacial distribution of fish migrating adjacent 10 the south bank \\x strongl! shore oricilted. \ii th 
100.0% of the counts within 3.8 m of Ihe transducer. North bank fish were slightl! less shore 
oriented (Figure 8). w.ith 100% of the north bank counts \xithin 4.8 m of the transducer. Ti? n peaks 
in the migation \\ere obsenled (Figure 2). A greater than espccted '(4.2Oh of the dnil! lo ld)  

passage rate occurred adjacent to the north bank Srom 1000-1 100 h. rtt 1300 h, and Srom 1700-24UU 
h (Figure 5). Sonar counts during those hours n7ere 58.S0/o of the bank total On the soutll tlailk the 
highest hourly passage rates occurred between 1400-2100 11 (Figure 9). accounting ior 63.5% of the 
bank total. 

The Crescent River fish wheel lxras operated 24 11 per day and captured 1.575 socke1.e salmon 
(Table 20). of which 640 were sampled for age. length. and sex data. Age-1.3 fish n.ere the most 
abundant (56.0%). uith other major c o m p o ~ ~ n t s  of the escapement represented by age-2.3 (76.6%); 
and -1.2 (10.6%; Table 21) fish. Age -2.3 fish were the largest to appear in the historical data set. 
h4ean lengths by sex for age-1.3 and -1.2 fish were within historical bounds (Table 22). The ratios 
of male-to-female fish \yere at or near 1.0:l for all age classes. The abundance of males for age 
class 1.2 fish was the lo~vest in the historical database. Females accounted for 38.3% of the tola1 
sockeye salmon escapement. 

Crescent River hourly fish passage rates peaked during the afternoon and evening hours follo\j7ing 
high tides (Figure 10). The peak hour of fish passage on the south bank occurred after the 
meridiem high tide on 30 of the 41 d of operation and on the north bank on 32 of the 41 d of the 
enumeration operation. Fish nligration was apparently influenced more by other factors than the 
stage of the tide during the first few days of ohsenlations. 

Yentrta River 

From 6 July through 12 August, 213.420 salmon were counted at the Yentna River sonar site. of 
which an estimated 157,822 were sockeye salmon (Table 23). The escapement goal range for the 
Yentna River is 100,000-150,000 sockeye salmon. Sonar counts apportioned to species other than 
sockeye sal~non were: pink salmon, 28,960 coho salmon, 13,670; churn salmon, 12,671 ; and 
chinook salmon, 297 (Table 24). Estimates of coho and chinook salmon escapements for other 
tributaries of the Susitna River were also made (Table 25). No estimates for pink or chum salmon 
were available for the Susitna River above its confluence with the Yentna Rwer. 

The midpoint of the sockeye salmon escapement occurred on 24 July, the date of the historical 
mean. Eighty percent of the escapement passed the counters in 22 d (Table 26). Run tinling was 
not appreciably different by bank. Eighty nine percent of the sockeye salmon migrated adjacent to 
the south bank (Table 6). 

Salmon passage was shore oriented (Figure 11). Of the salmon counted from the south bank. 
92.2% were 14-ithin 3.29 n1 of the transducer. On the north bank, 92.9% of the salmon were counted 
within 5.1 8 nl of the transducer. 



Fish passage rates increased during afternoon and evening hours (Figure 12) adjacent to thc north 
bank. The seasonal hourly passage rate on the north bank met or exceeded the a\eragc for a 
constant hourly passage rate (3.2%) at 0100 11, 1200-1300 h. and 1500-2400 h (Figure 5 ) .  Counts 
accumulated during these hours accounted for 65.5% of the north bank total. The percentage per 
hour for a constant hourly passage rate was exceeded predominantly in the late evening and early 
morning (0100-0600 h, 1600-1700 h. 2300 and 2400 h) on the south bank. Counts accumulated 
during these hours accounted for 45.5 % of the south bank total. There were hvo distinct peaks in 
the daily numbers of fish passing the counters (Figure 2). 

A total of 7,725 sockeye salmon were captured in fish wlleels at Yentna Station (Tables 27; 38). of 
which 534 were sampled for age, sex. and length data. The major components of the escapement 
were ages 1.3 (43.7%), 1.2 (32.4%). and 0.3 (10.5%: Table 29). A ~ w a g e  lengths except age-0.3 
fish were within the historical range. Age-0.3 fish had the largest recorded average length (1997 
was the second year age-0.3 fish appeared in numbers sufficient to include that age class in the 
reported data. Male-to-female ratios for all age classes fell within historical bounds (Table 30). 
Female spawners composed 52.9% of the total sockeye saImon escapement. 

Eighty percent of the pink salmon escapement occurred in 19 d, with the midpoint occurring on 29 
July (Table 31). Pink salmon run duration (80%) in the Yentna River has ranged 9 to 21 d. 
Migratory timing has been remarkably consistent, with the midpoint occurring between 25 and 30 
July in 15 of the 17 years for which data are available. 

Comparisons of counts fiom the Yentna River primary south bank counting site (upstream counter) 
&id the secondary co.m:er (dowstream cowter) weye mzde (Table 32). Linex regressio~! am!ysis 
was used to evaluate the relationship between the upstream and downstream sonar counters. 
During the period when both counters were in use, the downstream counter counted 1.4 times the 
number of fish targets. on average, as the upstream counter (2 = 0.43, P < 0.0001). This 
relationship was mused to adjust sonar counts obtained from 7 July (0100 hr) to 15 July (1200 hr) 
when only the upstream counter was operational (Stan Carlson, ADF&G, Soldotna, personal 
communication). 

DISCUSSION 

The 1997 field season and sonar counting operations were similar to past years. Counting 
conditions on all rivers were thought to be within design and operational tolerances of the Bendix 
side-scanning sonar system because; 1) salmon passage was inshore and near the bottom during the 
peak of the run; 2) salmon densities were generally adequate for system adjustment; and, 3) one 
species, sockeye salmon, composed most of the run except in the Yentna River (36.9%). 



K e m i  River 

Species apportionment of sonar counts was discontinued in 1995 because we percei~~ed a potential 
problem in the apportionment process. A ciisproportionate number of non-sockeye salmo!i species 
appeared in the fish ~ h e e i  catch. addition all^., Lie consider the numbers of fish of other species as 
insignificant during the time sockeye snlmon are being counted under normal nm timing 
circumstances. Saln~on species other than sockeye salmon composed 1 .O% of the fish wheel catch 
in 1995 and 4.0% in 1996 (a pink salmon year). In 1997 protracted run timing caused extended 
counting operations, and species apportionment began on 13 August, resulting in 1.3% of the totai 
fish targets being apportioned to species other than sockeye salmon. Counts of species other than 
sockeye salrnon are of no value as index counts as estended run duration (coho salmon) and 
passage upstream outside the ensonified area (coho and chinook salmon) combine to limit the 
usellness of these data. 

Kasilof River 

Run timing, counter limitations, and spawning locations relatiw to the sonar site made sonar 
escapement estimates for Kasilof Rilper pink, coho, and chnook salmon impractical. Coho salmon 
entered the river primarily in August (G. Kyle. ADF&G. Soldotna. personal communication). The 
proportion of pink salmon was not known, but the average historical proportion of the pink salmon 
in the Kasilof River escapement is 1.9% (range 0.2-6.4%). Early- and late-run chinook salmon 
migrated past the sonar site during the time \\.hen sockeye \yere counted. but no counts n w e  
apportioned to h i s  species. We believe that the ratic cf soclre;.e salmon to c l i n ~ ~ k  salmon 
captured in the fish wheel has been biased toward chinook saln~on during the latter portion of the 
run. resulting in total chinook estimates that exceed the actual spanners passing the counting site. 
The error associated with apportionment of chinook salmon counts to sockeye salmon is more 
acceptable than an inflated chinook salmon estimate. 

Crescent River 

Prior to 1993, fish were collected for species composition with drifted gill nets and a fish trap. The 
installation of a fish wheel at Crescent River provided a larger sample size and probably reduced 
the degree of size selectivity inherent to the gear types formerly used. Dolly Varden char, ~vhich 
had not appeared in the catch in previous years, appeared in the fish wheel catch in 1993 (Davis and 
King 1994). We determined that the char captured at Crescent River were of adequate size to meet 
target detection thresholds of the counters and included them in the apportionment of daily sonar 
counts in 1993-95. We also concluded that these fish were migratory based on n~orphological 
characteristics and results of marking all Dolly Varden char captured in 1993-95. Of the Dolly 
Varden char marked in 1993-95, none were recaptured. The high proportion (1 8.6% or 548 fish) of 
char in the fish wheel catch in 1994 led us to believe that the sockeye salmon escapement may have 
historically been overestimated. The proportion of char in 1993 (0.5%) and 1995 (0.7%) may be 
more indicative of the degree of historical over apportionment to sockeye salmon than the high 
proportion observed in 1994 (Davis and King 1994, 1995). In 1996, 3,487 sonar counts were 



apportioned to Dolly Varden char and chinook salmon. or ?.9% of the total. In 1997. 3.092 soiicli 

counts were apportioned to Dolly Varden char and chinook salmon. or 3.5% of the total counts. 

We concluded from the hourly passage rate that daily migration timing is probably related to tide 
stage. However. we have not observed a diurnal bimodal entry pattern into Crescent River. so 
some other as yet unidentified variable(s) must also be influencing fish migration at this site. U7e 
have been unable to correlate fluctuations in water level or temperature to fish entry patterns into 
Crescent River. 

Yentttn Rii*er 

Kmg and Tarbox (1990) indicated sockeye and pink salmon e h b i t e d  differential migratory 
behavior in the Yentna River. They found that sockeye salmon were proportionally higher in the 
fish wheel catch 1200-2400 h and pink salmon ivere more fi-equently captured 0600-1 200 h. This 
observation identified a potential source of error in the use of total daily adjusted fish wheel catches 
to apportion sonar counts. To overcome this potential bias. fish wheels catches used to apportion 
sonar counts were collected by operating the fish ~vheels in 4 time blocks of 6 11 each ox er- a 24 h 
period in 1993 and 1994. We determined that the degree of bias did not justify the additional 
expense of operating the fish wheels in this manner, and this method of fish lvheel operation \vas 
discontinued in 1995. 

Fish wheel efficiency (fish wheel catch 1 sonar count) created suspicion that the south bank sonar 
counter may have been undercounting. The linear regressim ma!psis counts for 7 - 15 July 
increased the daily escapement count for the south bank by 29.8% (6,487 counts). After 15 Jul}. 
the higher of the two sonar counts was used as daily escapement for the south bank. During this 
period higher counts were recorded by the upstream counter on 23 of 28 days. These counts were 
2 1.30h higher r_h_m those recorded by the downstream counter. The adjusted counts generated for 
the 7 - 15 July period and the use of the greater of the two south bank counts resulted in an 
escapement estimate increased by 5.7 % for the season. Fish wheel efficiency appears to increase 
with lower densities of fish, but this relationship needs to be investigated further. 

Enumeration activities ceased on the Yentna River on 7 August. Migratory timing information 
could not be calculated for churn and coho salmon because migration continued past that date. The 
range for 1981-84=69.8%-92.0% (mean 78.7%) of the chum salmon escapement and 79.6%-89.9% 
(mean 84.8%) of the coho salmon escapement i ~ a s  recorded by 12 August (King and Tarbox 1986). 
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" Includes counts after 22 June (1978-87) and after 1 July (1988-95). 
b Includes counts or estimates prior to 15 June (1983-88) and post enumeration estimates (1 981 -86). 

Sonar counts from Susitns Station unless ohmvise indicated. 
d No counts conducted. 
' Sonar counts fiom Yentna Station only. 
f Sonar counts from Yentna Station and east bank of the Susitna R i ~ e r .  
"ounts fiom Yentna Station and mark-recapture estimate from Sunshine Station. 
h Counts through 16 July only. 
' Combined counts from viers on Bear and Glacier Flat Creeks and sun-eys of remaining spanning streams. 
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Table 2 Late-run Kenai Ri\.er socke),e salmon escapement summan 1965- 1997. 

Estimated Estimated Estimated Estimated 
Escapement Russian Ri\.er Kenai Rii~er Total Sonar Count 

at Sonar Sport Mainstem Hawest Above Less Sport 
Year Site" ~arves t '  Sport Han.estc Sonar sited Hanlest 

1,064,s 18 17,63 5 105,049 122,684 942,134 

" Bendix Corp. multiple transducer sonar 1968-1 977, side-scanning sonar 1978-1 997. 
h Based on creel census data from Sport Fish Division, Soldotna. 

Sport Fish Division Statewide Harvest Estimate, above the Soldotna Bridge (and sonar site) only. 
d Conlbinzd Russian fiver and mainstem (above bridge) han~ests. 

Sonar count less sport harvest reduced by 77,060 fish harvested by dip net at Hidden Creek. 
FX: ESCSCl1.SLS 
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Table 5 .  Estimated socke!'e salmon escapement into the Kenai River. 1 l i~i?.  rhrough 75 Augusi lQV. 
Species composition of  daily sonar counts based on fish irheel catches. 

- 

Sockeye Pink Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Daily Cum 



Table 5 (p .  2 of 7 )  

Date Dail! Cum h i l !  Cum Dally Cum I > n l l ~  Cum 

0 0 0 
0 0 0 
0 0 0 

1.736 0 0 
2 "41 0 0 

4.779 121 121 

6.325 0 17 I 
8.243 0 I ?  I 
9.415 6 7 1 SS 

10.83; 0 I SS 

I I .SO9 0 1 SS 

19,179 19 7 17 

12,590 0 1117 
23-Aug 13.297 1.032.4 15 4 1 169 389 12,979 0 3 17 
24-Aug 16.872 1.039,287 86 255 467 13.446 8 5 ? 02 
2 5 - A u ~  5 .53  I 1 .064.8 1 8 0 255 335 13,781 I I -? 1 3 

FN 97KE xls 



Table 6. Distribution of sockeye salmon escapen~ent by bank recorded by sidc-scamzing sonar in the Kenai. 
Kasilof, Crcsccnt. and Yentna R h w s  1979-1 997. 

Ken& R i ~ m  Kasilof R i ~ e r  Crescent River Ycntna R i ~ e r  

Year North South North South North South North Soudl 
Bank Bank Bank Bank Bank Bank Bank Bank 



Tablc 7. Daily fish lvhccl catch b!. spccics lor thc north bank of illc Kcnai Rii c:-. 7 Jul!. throi:;.Ii 

25 .4ugusl 1997." 

- continued - 



Sockc!.c Pink Coho Chinook 

I lours 
D a k  opcn I M y  Curn Ilail! Cum Dail! Cum Ihil! C uin 

Fish \+.heel catch acljusred Sor 2 1  11: (daily catch*24 h) 1 hours open. Adjustcd catch by species: 37.51 5 sockeye 
sal~non: 63 pink salmon: 6-4s coho sal~non: 11 1 chinook salnlon: 229 Dolly Varden char: 5 S  rainhou, tro111. 



'I'ahlc X .  Agc cci~nposition ofsockc! c salmon collcc\etl in thc Kcnai R i w r  1970-1 997 

Sample 
Y car 1 . 1  1 .2 1.3 1.3 2.1 -. ? - ? 2.3 0 th  Size 

" Percentages lveighted b ~ .  total numbers in the escapement: 1978 p e t h e  et 31 1 9SO). 1979- 
1982. 1951-1997. 

t: 1978-1997 horn U7altem!~cr. ADFRrG. Soldotna. 



A\.c Aye h t i o  
Age Ixngth  Stndrd Sample Lcngth Stndrd Sarnplc hl:~lc- 

Yeru Class jmm) Error Sizc (lnm> Error Size Fcmalc 

1 980 1.2 4 SZ 4 165 3 93 3 I00 1.7:l 
1981 493 G S 5 513 6 7 3  1 2 : l  
1982 4 S.3 9 70 5\15 13  3 2 7 7 .1  -.-. 
1993 5 24 9 25 520 6 3 0 0,S:l 
1984 4 73 > 2S0 373 4 196 1.3:l  - 
1985 -. > 1 S4 -1'4 I 492 > 1 S6 l.O:l 
19S6 -1SS 4 155 4 ~ : 7  - (1 96 1 . i y :  I 
1987 51-1 S 3  51 5 c! .; 5 5 0 O.?:l 
1988 522 S 7 9 51 1 3 84 0.9:I 
1989 493 6 1 13 393 3 92 1 2 : l  
1990 473 0 165 -1;s 0 127 1.3:l 
1991 4 SS 2 61 .: 49- 13 577 1 . I  : I  
1993 -174 -1 123 -IS1 3 1 32 O.?:l 
1993 452 5 3 6 162 6 32 1 . 1 : I  
1995 492 3 116 357 3 111 l . ~ I : l  
1991, 5 07 S 37 5 2 7 1 . - : I  

" 1950-1 997 l i o ~ n  U'altrrn\ er. ADFRrG. Soldotncl. m KELECOXIP.\:LS 



Date Daily Cum Date Dail!. Cum 

FS 97KA S L S  



Table 1 1 Kasilof RII cr sockc! c salmon escapelncnt csttmrrtcs 1968- 1 q97 

Escapement Fish used for 
Estimated b!. -4rtificial Propogation S o n x  Count 

Year Sonar Counta of Tustumena ~ a k e "  Lcss Egg Takc' 

"ultiple transducer sonar counts rounded to the nearest thousand (1968-1978) from 

b 
Narntvedt et al. (1 979). 
From Cross et al. (1983): 1974-1 980; FRED Div., sold om^ Ak. files: 1981-1 992; 
Fandrei, Cook Inlet Aquaculture Association: 1993-1 995. 
' Considered estimate of natural spanners above sonar site. 
d Combined counts from \vein on Bear and Glacier Flat Creeks and sun-eys of spav-ning 

streanls. 
Includes 290 fish not used for artificial propogation of Tustumena Lake, Fandrei (1995). 
Includes 550 fish not used for artificial propogation of Tustumena Lake, Fandrei (1 996). 

FX: E;.WIST.ILS 

28 



C C C C C  
C C S C C  
t' c -, N. -: 
m N S \ e h  

- C \ l m -  



s ; s p g g g $ z s g  
C C O O O  - - - - -  







I l i)urx 
l):i~t opcn D:~il!. Cum l h i l > ,  Cum l h i l ~  Cum lhl!~ Cum 



Percentage Compostion b!. Age Class " 

Sarnplc 
)'car 1. I I .? 1.3 1.4 2.1 2.2 2.3 Other S i x  

" Percentages ~veighted by total numbers in the escapement: 1979-1996. 
b 1978-1 997 from \Valtcm!-er. rZDF6lrG. Soldotna. 



- -- 

' I  980-1 997 from \valtem).er: ADFGrG. Soldoma. FX L~LECC I:,P X L ~  

3 5 



Table 17. Estimated salmon escapement into tllc Crescent Ri\.er 1979-1997. 

Sockeye Pink Chum Coho Other " 
Date Total 

" 1993-97 counts represent combined chinook salmon and Dolly Varden char. 





Table 19. Cumulati\.c proportion b!. datc of sockc!.~ salmon counts recorded in the Crcscc~lt Ri\.cr lOS4 - 1097 

- Continued - 



Table 19. (p. 3 of '?)  

" Proportion accrued on last day (1 983-1 986. 198s) represents that ponion of the cscapcment estimated to ha1.e cntcrcd 
the river after termination of counting operations. 

t. 
Enumeration activities terminated on I6 July 1986. Estimated proportions fiom King and Tarbos (1 988). 

Inclusive datcs: date proportion ofCsc:~l~cincnt rcaclicd 10" throuph date prclporticm of cscapcmcnt rcachcd 30'. ;.. 



Tablc 20 Dail! fish \\heel catch b! spccics fb r  thc Cr~sccnt  Riiclr. 2-1 J11ni: through 
5 August 1997 

I-lours 
Date open Ilail! Cum Daily Cum Dsil!. Cum Daily Cum Daily Cum Dail!. C u m  



T;iblc 21. .Age cornpositiol~ of sockcyc salmon collcctcd in the Crcsccnt Ri\-cr 1979-1'997. 

Pcrccnt:lgc Cornpostion b!. Age Class " " 

Sa~nplc  
J ' ex  I .  1 1 .2 1.3 1 .i 2 .1  - . -  7 3 7.? Otlicr S i x  

" Percentages weighted by total numbers in the escapement: 1979-1 981, 1986-1997. 
b 1979-1997 from U'alterny~. ADF?iG1 Soldotna. 



;\\x A\ c K31io 
Age Lcn&' Stndrd Snmplc Lcnrth' Stntlrd Snmplr \laic- 

l'cnr Clnss (mm) Error Size (mm) Error Size Fcmn lc 





Table 24. Estimated salmon escapement into t l~e  Yentna River 1981 -1 997. 

- 

Date Sockeye Pink Chum Coho Chinook Total 





2 - s  
6 6 6  
C C C  







Table 2 7  Dail! ad.justcd fish \\heel catch b! species i'or  he north bank oi'thc JYcntn3 
Ri\zer. 6 Jul! through 12 August 1997 

"Fish nheel catch adjusted for 23 h: (daily catch * 24 h) 1 hours open. Actual catch by species. 2.194 
socke!.e sal~non: 1.610 pink salmon: 55 1 chum salmon: 301 coho salmon: 14 chinook salmon: 80 
uhitetish: 6 long-nosed sucker. FN ~-YE;F?\ 'R  YLS 







Tablc 30, Lcngth composirion of tllc niqior age c l x s c s  of sockc!.c salmon cc~llcctcd in tiic 
Ycntna Rixw 1?56-15197. Lcngtti rncasurcd from mid-i.!c to fork-  of- tail 

hlale I'cmalc 







Date Upstream 
Downstream 

Ci1ilntl.r 
. Final count 

coiirltc!~ 



Figure 1. Upper Cook Inlet. Alaska, and sites where salmon escapement was 
monitored \\-it11 side-scanning sonar. 







F i g u r e  4 .  Hourly d i s t r i b u t i o n  of sa lmon m i g r a t i n g  p a s t  t h e  Kenai  R i v e r  s o n a r  
c o u n t e r s ,  1997.  





F i g u r e  6. D i s t r i b u t i o n  of  salmon s o n a r  c o u n t s  by s e c t o r  i n  t h e  K a s i l o f  River, 
1997.  



Figure 7. Hourly distribution of salmon migrating past the ~asilof River sonar 
counters, 1997. 



F i g u r e  8. D i s t r i b u t i o n  of salmon s o n a r  counts  by s e c t o r  i n  t h e  C r e s c e n t  R i v e r ,  
1997. 



South Ecnk 

F i g u r e  9 .  Hour ly  d i s t r i S c t i o n  of sa lmon  m i g r a t i n g  p a s t  t h e  C r e s c e n t  R i v e r  s zna r  
c o u n t e r s ,  1 9 9 7 .  





F i g u r e  11. D i s t r i b u t i o :  of s 2 l n c n  s o n a r  c o u n t s  b y  s e c t o r  i n  t h e  Yentns R i v e r ,  
1 9 9 7 .  



F i g u r e  12.  Hourly d i s t r i b u t i o n  of salmon m i g r a t i n g  p a s t  t h e  Yentna  R i v e r  s o n a r  
c o u n t e r s ,  1997. 



Sockcyc Pink Coho Chinooh 

Date Daily Cum Dail!. Cum D a i l ~ ,  CUIH D;iil!, Cun1 

-continued- FS.97KEIC XIS 



"Species apportionment began on 13 August. 





Appendix A.2. (p2 OF) 

Sockeye Phi .  Coho CI! hook  

Date Daily Cum Daily Cum Daily Cum Dail), Cum 

"Species apportionment began on 13 August. 



A p p c n t l i s  A.3. Kcnai Rivcr north bank sonar counts by hour, I Ju ly  through 25 August 1997. 

06-J11l 197 2x3 173 149 199 108 153 99 125 47 51 X I  96 106 83 40  52 135 
I - I  ' 1  I Z I  122 X3 105 76 5X 59 65 68 83 6 X? 70 I,l6 13X 109 X2 

OX-Jul 192 321 355 347 245 299 1x1 101 13X 192 148 (10 X2 71 113 19.1 3011 213 
J I63 131 113 158 107 117 129 44 41 32 51 55 59 76 93 59 98 X6 

Ill-Jul 40 113 I62 231 520 496 232 152 459 642 668 77R 646 5x6 713 80.3 1.143 395 

X X I  l.072 

6117 5 Ill 

517 244 

1,079 1.728 

702 

129 

575 

155 

122 

21-Jrd 1,307 856 941 443 614 X O X  911) 794 904 771 5 l.llll6 9111 6x8 355 241 1x2 

22-Jul 162 268 27X 228 265 147 153 221 339 245 179 137 2x7 255 232 1x9 30 

23-lu1 3x7 437 457 396 307 359 252 403 497 429 655 734 795 994 1.250 8x6 717 

24-Jul 1,578 2,553 1,845 I,KX6 1,681 1.95X 2,297 2.615 2,037 1,335 1,936 1.942 1.521 1,484 1.531 2.034 1.744 

25-JuI 435 178 90 174 23X 354 328 356 378 331 2117 161 255 218 X-l 76 48 

26-Srd I04 1x6 142 124 1x2 144 357 2x4 206 I.IX 131 70 78 6.1 1 1 1  111 166 

27-Jul O X  78 09 66 69 X6 I54 177 154 6-1 77 '11 121 1.5 60 '11 28 

28-Sul 41 75 79 85 41 33 92 137 117 911 0.4 .I11 0 135 1111 '7 7X 

2')-.1111 12'1 1117 121 1f>7 127 I 205 6 2  270 196 22') 172 57 I X I 1  i l  I 1X 

ill-lul 270 170 I hX 260 267 2X6 210 1 I5 132 198 171 170 1x7 I I f ,  71 l!l!i 'IF 





Appcndis A.4. Kcnai River south bank sonar counts by hour, 1 July through 25 August 1997 

Counts hy I lour 

16 . IX  

X2 116 

61 X!, 

74 5R 

479 5 0 5  

175 211 2111 

I l l ?  114 b15 

7 6  7X 00 

1.36 I66 2.17 
131 X 6  Ill8 



X3 

34 

47 

3 5 
56 

62 

143 

322 
2x0 

239 

78 

126 

I I X  
163 
7X 

78 

83 
89 

143 

131 

51 

92 

710 

243 

216 

123 
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01-Jul 
02-Jul 
03-Jui 
04-Jul 
05-Jul 

06- Ju! 
07-Jul 
Oh-Jul 
09-Jul 
10.Jul 

I I-Jul 
12-Jul 
17-Jul 
I4.lul 
15-Jul 

16-lul 
17-Jul 
I h-Jul 
10-Jul 
20-Ju! 

21-JuI 
22-Jul 
-3  -.--1ul 
24-Jul 
25-Jul 

26-Jul 
17-Ju! 
28-Jul 
29-Jui 
30-Jul 

31-Jul 
01 -Aus  
02-Auf 
03-Aug 
04-Auf 

05-Aug 
0 6 A u g  
07-Aug 
08-Aug 
09-Aug 

1 0-AUE 
I l -Auf 
12-Aug 
13-Aug 
14-Aug 

I S A u g  
16-Aug 
17-.-lug 
IS-Aug 
19-Aug 

20-Auc 
21 - x u g  
22-Xug 
23-Aur - - ~ - : l u c  4 

25-Aug 



06-Jul 19s 274 54h 206 IS- ?96 I21 5 7s 12 1 4 2.10s 11.62C 
07-Jul ;S 251 397 1 1  206 374 9S 17 27 0 5 1.407 1 <, k,,:? 
Oh-Jul l h i  310 607 221 4 b 9  31: I ( ?  2b <: 6 2 l i  2 . 1  IS.51; 
0!!.Ju] 77 2 )  771 170 ? I7  ??I 12.. 5 5  . 5 I 2 .  1.77h 2?.29: 
10-Jul 3h5 2 . 1 6  2.256 4 1.55S 1 3 2  11: I ! O  12 2.095 ? .757 



Appcndis A.0.  K c m i  Ri\.er north bnrih sonar counts b?. sector. 1 !111!. tl~rough 35 August 1 W 7  
Couiiis csprcsscd as pcrccntagc of dail! to~al.  



Appcndis  A.  1 0 .  Kcriai R i ~ c r  south bank sonar counts by sector. 1 Jul?. ihsnugli 25 August 1°97 
Counts csprcsscd as pcrccntage of dad! total. 



Appendix A. 1 1 .  Estimated salmon escapenncnt adjacent to the north bank of the 
Knsilof R i ~ w .  14 June tf~rough 12 August 1997. 

Date Daily Cum Date Daily Cum 
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Appcndis .4.17. Knsilof Ri\ cr north bank sonar  counts 1?> sector. 11 lunc through 12 ."igust lC!07 

76 
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1.572 
-7 3 -..- 17 
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4.56; 

2.478 
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1 .XI17 

-3.95.1 

5.191 

4.4<,0 

. ? S P  

I.S.?S 

7.440 

2.471 
2.305 

6.702 

1.6.38 

7.95 1 
660  

616 

2 2 x 7  
392 

711 

1.031 

1.702 

1.650 

1.417 

523 

496 

5x0 

4.341 

1.477 

1.166 

1 .O.? I 

626 
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Appendix A. 17. (p.  2 of 2 )  

Crtun;s h! Sector 



Appendix A. I S .  F;asilofRi\.er south bank sonar counts h. sector. 14 June  through 13 : ILI~L!s~ 

-Continued- I T :  "-E;A:SC.XS 

9 6 



Appendis A. 18. (p. 2 of 2) 

Total 38.336 19,584 12.195 9.556 6,440 13.370 10.819 11.368 6.539 9,206 8,967 10,178 156,558 



Appendix A. 19. Kasilof Ri\.er north bank sonar counts b!. sector, 14 June through 12 A u y s t  
1997. Counts expressed as percentage of daily total. 

Counts by Sector 

-Continued- 
FS: 07LI1 SPSLS 



Appendix A. 19. (p .  2 of 3)  



Appendix ,420. Kasilof River south bank sonar counts by sector, 13 J u n e  through 12 .4agust 
1997. Counts expressed as percentage of daill. total. 

Counts by Sector 

llail! 

Dale I 2 3 4 5 6 7 8 9 10 1 1  12 'I-clld 



Appendix .4.20. (p.  2 of 2)  

24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-JuI 

29-Jul 
30-Jul 
3 1 -Jul 

0 1 -Aug 
02-Aug 

03-Aug 
03-Aug 
05-Aup 
06-Aug 
07-Aug 

08-.Aug 
09-Aug 
I 0-Aug 
I l -Aug 
12-Aug 

Total 



Appcndis  A.21. Estirnntcd salmon escapcmcnt ad.iacent to the north bank of  the Crescent R k m .  71 l u n c  t l ~ i ~ ~ ! g I i  
5 August 1997. Species composition o f  dad! sonar counts based on  fish \\-llccl c a ~ c h c s  

Socke\e Pink Chum Coho llu! 1) \,'xdcn 

Date D d  y Cu~r i  Dai I!, Cum Ih i l> ,  Cum Daily C u ~ n  Daily Cum 

'Counts in Dolly Varden column a r e  combined Dolly Varden char and chinook salmon counts. 9-CR~CXL!: 

102 



Appcndis  A.21. Estimated salmon cscapcrncnt adiaccnt to ~ I i c  south bank ol'thc C r c s x n r  Ri\.cr. 24 I u n c  1111-ough 
5 .4ugus1 1997. Spccics composition of dail!- sonar counts bascd 011 fish I\-liccl catcllcs.'! 

- - - - -- -- - 

t o u n t s  ln Dolly Varden column are comb~ned Dolly Varden char and chmook salmon counts R o-CRY US 



Appendis A.23. Crescent River north bank sonar counts by hour, 24 June through 5 August 1997. 

Counts hy Ilour 



i s :  [17(X l  i i< ' .X I  s 

Appendis A.23. (p.2 of 2) 

16 64 1X 7X 47 4X 36 29 25 49 14 16 18 I X I  321 170 170 1,500 6 .3X , I  

60 37 44 105 104 12 47 22 29 19 23 7 23 2X 6 .I7 (7  1.127 57.51 1 

7 7  61 40 40 37 29 I03  52 27 2') 33 14 29 22 1 1  7 13 I .  58.53 1 

50 121 73 72  40 38 32 9% 97 h2 110 X(, 31 30 10 \ 12 1.1')' 53.72s 

90 104 86 87 X5 34 3X XX ISX I 73 53 45 22 IX II 6 1.3.1'1 6 1.07; 
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53 2 0  5 0 3  15.032 

I5  21 45915.~19l 

1 3 24X 15.77" 

2 3 2x7 16.021,  

I 1 JOX 16:13.l 
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Appendix A.25. (p.2 of 2) 
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Appendix A.27. Crescent Ri\.er north bank sonar- counts b>. sector. 24 June ~ h r o u s h  5 Ausust 1 '?')7. 



Appendix A.38. Crescent Ril-er south bank sonar counts b ~ ,  sector, 24 June through 5 Au:ust 1 W 7  

24-Jun 
X-.lun 
26-Jun 
27-Jun 
2s-Jun 

29-Jun 
30-Jun 
0 1 -Jul 
02-JuI 
03-Jul 

03-Jul 
05-Jul 
06-Jul 
07-Jul 
OR-Sul 

09-Jul 
10-Jul 
I I -Jul 
12-Jul 
13-SuI 

13-Jul 
15-Jul 
I 6-Jul 
17-Jul 
18-Jul 

19-Jul 
20-Jul 
2 1 -Jul 
22-Jul 
23-Jul 

24-Jul 
25-Jul 
26-Jul 
27-Jut 
28-Jul 

29-Jul 
30-Jul 
3 1 -lul 
0 l -Aug 
0 2 - A u ~  

03-.4ug 
03-.Aug 
05-.4ug 

Total 



Appendix A.29. Crcsccnt k \ . c r  north bank sonar counts b!. scctor. 3.1 June through 5 ,August 
1007. Counts csprcsscd as percentage of daily total. 



Appendix A 30 Crcsccnt Ri\ er south bank sonar counts by sector. 2 1  June through 5 August I 'l')T 
Counts expressed as percentage of dally total 

24-Jun 
S J u n  
26-lun 
27-Jun 
2h-Jun 

29-Jun 
30-Jun 
01-Jul 
02-JuI 
03-Jul 

04-Jul 
05-Jul 
06-Jul 
07-Iul 
OR-Jul 

09-Jul 
10-Jul 
1 1 -3ul 
12-Jul 
13-Jul 

14-Jul 
15-Jul 
16-Jul 
17-Jul 
18-Jul 

19-Jul 
20-Jul 
21-Jul 
22-Jul 
23-JuI 

24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Jul 

29-Jul 
30-Jul 
3 1 -Jul 
01-Aug 
02-.hg 

03-Xug 
04-.4ug 
05-Xug 

Total 
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.Appendix A 3 1 Estimated salmon escapement adjacent to the north bank of the 't7enma R;: er. 
6 Ju l )~  through 12 August 1997 Species cornpositloll of da11~  so i~nr  counts  
based on fish \i,heel catches 

Socke?.c Pink Chum Coho Chinook 

Date Dail!. Culn Daily Cum Daily Cum Dail!. Cur11 Daily Cum 



Appendix A.32. Estimated salmon escapement adjacent to the south bank of the 1-entna Ril  er. 
6 J u l y  through 12 August 1997. Species composition of daily sonar counts 
based on fish n.heel catches. 

Sockc? c Pink Chum Coho Chinook 

Date Daily Cum Dail?, Cum Daily Cum Dail?. Cum Daii?. Cum 
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Appendix .4 37 J7entnn Ri\.er north bank sonar counts b\. sector-. (3 .lul! through 12 .4uguit 
1997 
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Appendix i4.38. Yentna River south bank sonar counts by sector, 6 J u l y  through 12 Augus t  
1997. 
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The Alaska Department of Fish and Game administers all programs and activities free 
from discrimination on the basis of ses, color, race, national origin, age, marital status, 
pregnancy, parenthood, or  disability. For information on alternative formats available for 
this and other department publications, contact the department ,4DA Coordinator a t  
(voice) 907-465-4120, or  (TDD) 907-165-3646. Any person who believes s h e  has been 
discriminated against should write to: .4DF&G, P.O. Box 25526, Juneau, .4K 99802-5526; 
or O.E.O. 






